The paper presents results of extended static measurements of a newly developed optical system for temporary blood chamber volume measurements in the Polish Ventricular Assist Device. The paper additionally introduces a modied measurement stand and improvements of the measurements. Exemplary results acquired with principal components analysis are shown and future development plans of an optical measurement system are stated.
Introduction
The devices used for supporting the heart, available on the market can be divided into two main groups: pulsatile and non-pulsatile ones. In Poland the Polish Ventricular Assist Device (POLVAD) has been successfully used in patients for several years now. The prosthesis is an extracorporeal pneumatic type solution, that is connected with the patient's ventricular system through the skin [1] .
The Polish Articial Heart Program started in 2008 has been focused on the introduction of a new family of pulsatile prosthesis and a non-pulsatile solution [2] . Since the very beginning of the Program, the automation of the heart support process became a very important issue. The solution to this problem could vastly improve the treatment of patients with an end-stage heart failure using heart-support devices. In the case of pneumatic devices of such a kind, online blood chamber volume measurements could provide the necessary information for automatizing the heart support process. The article focuses on the blood chamber volume measurement method basing on the optical domain, that might allow to determine the volume with an uncertainty of 10%.
State of art
In its actual state, POLVAD prosthesis is not equipped with any kind of monitoring devices. In recent years many researches have been carried out aiming at introducing solutions for monitoring the pressure in the blood and air chambers, the blood oxygen saturation level and the blood chamber volume [37] . The problem of measuring the volume of the blood chamber is of great importance with respect to the automation of the heart support process. Currently the problem is partially solved worldwide using blood ow measurements. This method provides satisfying results, but requires periodic controlled full-lling/full-ejection cycles. It also requires noninvasive, ultrasound ow rate meters, which are very expensive. The complex construction of electronic circuits of these devices can hinder the development of miniature * corresponding author; e-mail: grzegorz.konieczny@polsl.pl versions in near future; thus their usage is restricted to extracorporeal heart support devices.
There were approaches to nd solutions that might be The optical measurement system was proposed to solve the problem of temporary blood chamber volume measurements of the POLVAD prosthesis and to avoid drawbacks of the acoustic method (increase in the total prosthesis volume and susceptibility to acoustic noise) [11] . Fig. 1 . Idea of the optical measurement method based on reectance measurements [10] .
The basic idea of the optical system based on reectance measurements is shown in Fig. 1 . The proposed (479) solution can overcome shortcomings of an acoustic sensor: the need of an additional sensor chamber and the susceptibility to acoustic noise (e.g. generated by working valves). The basis of the optical method was described in [11] .
Advancements in the optical blood volume measurements method
The following article presents researches aimed at increasing the speed and improving the accuracy of the measurement method. So far the optical measurement system is using 12 LED light emitters, and 32 photodiodes as light detectors. The number of optic transducers was chosen to permit a complex examination of the light reected by the membrane. The working wavelength range of optical elements was selected after measurements of the membrane used in the POLVAD prosthesis had been performed (Fig. 2) . During the tests covering several series of full-lling/ full-ejecting of liquid in the blood chamber model, shift in amplitudevolume characteristics was noticed (Fig. 3) .
It can be noticed that the characteristics tend to move, showing that more liquid is pumped inside the blood Fig. 3 . Six consecutive measurement series of full--lling/full-ejecting. chamber model during each series than is pumped out.
This was caused by the pumping of a blood-like liquid.
In order to solve the problem, the measurement stand was supplied with the camera 0 ml level calibration system. It was used to compensate the dierences in the volume of the liquid pumped in and out of the blood chamber model. were then used for the numerical analysis using PCA and LRS [12] . The goal of research was to achieve an accurate (10% uncertainty) estimation of the blood chamber volume. Liquid was pumped at a rate of 1 ml/s.
Exemplary results published in [11] indicate the existence of emitterreceiver congurations providing direct information about the blood chamber volume in certain volume ranges. Static tests were used to improve the PCA algorithm.
The rst 50 series were used for learning process. Other 50 series were used for testing the algorithm. The results of the recognition process using the PCA algorithm can be seen in Fig. 7 . 
Conclusions
The measurement circuit described earlier in [11] was modied. The stability of the optical system was im- The optical system has been prepared for semi--dynamic tests which will be conducted at the modied measurement stand in the Department of Optoelectronics, Silesian University of Technology.
